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INTERFERENCE OF MICROWAVE OVENS TO SDARS OPERATIONS IN THE
BAND 2320 - 2345 MHz

January 20, 1997

1. Introduction

Microwave ovens operate in the ISM band from 2400-2500 MHz and, within this band, they are
permitted unlimited radiated energy (see attached FCC regulations). There are, however, safety
requirements which ultimately limit the radiated in-band power. Outside of the 2400-2500 MHz
band, the devices must comply to the attached FCC regulations. Specifically, the field strength
from the device may not exceed:

field strength @300 m = 25J power /500 pV/m
where power is expressed in watts.
There are two key concerns in evaluating the effects of microwave ovens:

1. Microwave oven radiated power within the 2400-2500 MHz band saturating the
SDARS receiver LNA

2. Microwave oven out-of-band radiated power within the 2320-2345 MHz SDARS
band which appears as in-band interference to an SDARS receiver.

2. LNA Saturation Analysis

The presence of a large signal in an adjacent band such as the ISM band can cause suppression of
the much smaller SDARS receive signal as both signals pass through the SDARS receiver LNA.
For minimal degradation to the SDARS signal, the adjacent channel signal, in this case from a
microwave oven, must be below the 0.1 dB compression point of the LNA. A typical LNA for an
SDARS receiver has approximately 20 dB linear gain and an output power of approximately 10
dBm at the 1 dB compression point. Based on observations of typical amplifiers, 0.1 dB

compression occurs at an input power approximately 2 dB below the 1 dB compression input
power.

Based on the above assumptions, the 1 dB compression point occurs at an input power of
approximately -10 dBm and the 0.1 dB compression point occurs at an input power of
approximately -12 dBm. Therefore, to avoid significant suppression of the SDARS signal, the
microwave oven must produce a signal less than -12 dBm at the LNA input. In an experiment
performed on several typical microwave ovens using a receive antenna with a gain of 1 dB gain, a
level of approximately -10 dBm was measured at 1 m away from the oven. Since the emissions
fall off as the square of the distance from the oven, clearly at distances of 2 m or more the
received power would be below the -12 dBm level desired to avoid small signal suppression.



The results of this experiment suggests that no S-band filtering is necessary to prevent microwave
ovens from saturating the SDARS receiver LNA. Since the ISM band is more than 50 MHz away
from the SDARS band a low cost filter could be added to SDARS receivers should additional
rejection in the band 2400 - 2500 MHz prove necessary. It should be noted that satellite mobile
systems such as Globalstar and Odyssey have a more difficult problem since they have similar
receive signal levels to SDARS but their satellite-to-mobile downlink operates in the band 2483.5
- 2500.0 Mhz. This is right in the top end of the ISM band itself and used by microwave ovens.

3. SDARS In-Band Interference Analysis

SDARS receivers operate with receive signal levels of approximately -135 dBW (-105 dBm) at
the input to the LNA. Thus, out-of-band emission interference from microwave ovens must be
significantly below -105 dBm to avoid significant degradation. Primosphere calculates that

microwave oven interference in the SDARS band 2320 - 2345 MHz should be less than -120
dBm.

As regulated by the FCC, the radiation from microwave ovens into the SDARS band may not
exceed the field strength expression below:

field strength @ 300 m = 25/ power /500 pV/m

where power is expressed in watts

A typical microwave oven may have a power of approximately 1000 W, so the maximum field
strength at 300 m is 35.3 microvolts/meter. Assuming a 3 dBi gain for the SDARS receive
antenna, this translates to a received interference power level of approximately -111 dBm at 300
m away. The level will vary as the square of the distance, so we can create the following table:

Distance Interference Level
(R? space loss)
300 m -111.0 dBm
100 m -101.5 dBm
10 m -81.5dBm
1m -61.5 dBm

Table 1. Microwave Oven Clear Line-of-Sight Interference Level Versus Distance For R?
Space Loss

Even at 100 m, this level of interference could cause serious degradation to the SDARS signal. A
key point is that this level refers to a receiver 100 m away that has a clear line of sight to the
microwave oven. Fortunately, a mobile SDARS receiver is very, very rarely in clear line of sight
t0 a microwave oven since microwave ovens are inside buildings. With microwave ovens inside



buildings, the automobile user will have the benefit of attenuation due to the building as well as
any other nearby objects. Thus, all of the propagation impediments that limit indoor SDARS
reception now help us in attenuating microwave oven interference.

Signal propagation measurements performed by JPL, and others, in the SDARS band have shown
that the walls in a typical home produces an attenuation of approximately -18 dB at S-band. High
rise apartment and office buildings provide a higher level of attenuation. With this additional
attenuation between the microwave oven and the SDARS receiver in place the results of Table 1
are recalculated and shown below in Table 2.

Distance Interference Level
(R* space loss +
building attenuation)
300 m -129.0 dBm
100 m -119.5 dBm
10 m -98.5 dBm
Im -79.5 dBm

Table 2. Microwave Oven Interference Level Outside Buildings Versus Distance For R* Space
Loss

The above table shows that the interference reaches acceptable levels at distances of
approximately 100 m. Itis unlikely that an automobile antenna will be within 100 m of a
microwave oven very often. If the vehicle is less than 100 m away from a microwave for a short
time (e.g. quickly driving past), the time interleaving employed by the SDARS system will most
likely prevent an outage.

The fixed SDARS user will be mounted outside the building to have a clear line of sight to the
satellite. Since this will be outdoors, microwave oven emissions will experience building
attenuation on their way to the SDARS antenna. If the antenna is also higher than the microwave
oven, it is unlikely that it will have significant gain in the direction of the oven.

4. Conclusions

Although microwave ovens can produce emissions at levels that are comparable to or stronger
than the SDARS signals, we do not believe they are a serious threat to performance. Attenuation
due to buildings and objects coupled with the relatively low probability of being close enough to
the oven to experience serious degradation all work in the favor of the SDARS receiver.



At least two other licensed satellite-based mobile communications systems, Globalstar and
Odyssey, have a similar if not worse problem. They too have S-band satellite-to-mobile links with
received signal levels comparable to the SDARS receivers. Their problem is significantly worse
since they operate their satellite downlinks in the upper end of the 2400-2500 MHz band. These
systems both believe that microwave ovens do not pose a serious threat.

Richard Cooperman
TeleCom Consultants
15001 Redgate Drive
Silver Spring, MD 20905

301.384.2753 tel
301.236.4829 fax



§18.213

tion may. in lieu of the report of meas-
urements, be accompanied by a state-
ment including:

(1) FCC Ildentifier of device for
which measurements are on file with
the FCC.

(2) Date when equipment authoriza-
tion was granted for the device(s)
listed under paragraph (c)1) of this
section and the file number of such
grant.

(3) Description of the difference be-
tween the device listed under para-
graph (cX1) of this section and the ad-
ditional device(s).

(4) A statement that the report of
measurements filed for the device
listed under paragraph (¢X1) of this
section applies also to the additional
device(s).

(5) Photographs
§ 2.1033(c).

§18.213 Information to the user.

Information on the following mat-
ters shall be provided to the user in
the instruction manual or on the pack-
aging If an instruction manual is not
provided for any type of ISM equip-
ment:

(a) The interference potential of the
device or system

(b) Maintenance of the system

(c) Simple measures that can b

pursuant to

{50 FR 36069, Sept. 5. 1985. as amended a
51 FR 17970, May 16, 1986]

Subpart C—Technical Standards

§18.301 Operating frequencies.

ISM equipment may be operated on
any frequency above 9 kHz except as

47 CFR Ch. 1 (10-1-92 Edition)

indicated in §18.303. The following
frequency bands, In accordance with
§2.106 of the rules. are allocated for
use by ISM equipment:

Note: The use of the 6.78 MHz =15 kHz
frequency band is subject to the condittons
of footnotle 524 of the Table of Allocations.
See § 2.106.

§18.303 Prohibited frequency bands.

Operation of 1ISM equipment within
the following safety, search and rescue
frequency bands is prohibited: 490-510
kHz, 2170-2194 kHz, 8354-8374 kHz,
121.4-121.6 MHz, 156.7-156.9 MHz, and
242.8-243.2 MHz.

§18.305 Field strength limits. T~

(a) ISM equipment operating on a
frequency specified in § 18.301 is per-
mitted unlimited radijated energy in
the band specified for that frequency.

(b) The field strength levels of emis-
sions which lie outside the bands spec-
ified in § 18.301, unless otherwise indi-

ated, shall not exceed the following:

| RF Power ’P
Equipment Operating frequency generated by Field strengih kmit (uV/m) Distance
equipment (walls) (meters)
Any type unless otherwise | Any ISM frequency........... 2300
specified (misceflaneous).
1300
Any non-ISM frequency ..... 300
'300
Industrial heaters and RF | On or below 5.725 MHz .. 1.600
stabiized arc weiders.
Above 5725 MHz ... )
Medi diath Y. Any ISM frequency... ... 200
Any non-ISM frequency ... 300
300

Federal Communications Commission

Equipment Operating freq Field strength kmit (UV/m) {meters)
490 10 1,600 kHz. .. 24,000/F(kH2)....... 1]
Induction cooking ranges .} Below 90 kHz ... R
On or above 90 kHz 300 ... 430
RS S P ‘ ‘ - s
} Field strength may not exceed 10 uV/m at 1600 C quip D g below 1000 MH2 is not permitt
llomerut;nm d otherwise permitied here for power over 500 watts. 3

* Reduced 10 the greatest exten
not

C i is not permitted the increase m field

 possile.

it Olheiae peritot hee tor vt 500 warte
otherwise i e for

wlfuﬂon’ eookngw ranges manuiactured prior 0 February

(¢) The field strength limits for RF
lighting devices shall be the following:

Fi tength Gmit al 30
Frequency (MHz) O rers GV
Non-consumer equipment:
30-88 30
50
70
10
15
20

Notes

1. The tighter limit shall apply at the
boundary between two frequericy ranges.

2. Testing for compliance with these limits
may be made at closer distances, provided a
sufficient number of measurements are
taken to plot the radiation pattern, to deter-
mine the major lobes of radiation. and to
determine the expected field strength level
at 30, 300, or 1600 meters. Alternatively, ¥
measurements are made at only one closer
fixed distance, then the permissible field
strength limits shall be adjusted using 1/d
as an attenuation factor.

{50 FR 36070, Sept. 5, 1985, as amended at
51 FR 17970. May 16, 1986; 52 FR 43197,
Nov. 10, 1987}

818.307 Conduction limits.

For the following equipment, which
is designed to be connected to a low
voltage public utility power line, the
RF voltage conducted back into the
power lines measured with a line im-
pedance stabilization network (LISN)
shall be limited to:

(a) Ultrasonic equipment.

1. 19680, shall be subject 10 the Feid sirength Smils for

Maximum RF kne measwved
with a § uH/50 mT_us'« wV)

Frequency (MHz)
1000
200

I'4

) (b) Induction cooking ranges manu-
factured after February 1, 1980:

F y | Maximum AF ne voit
(MHz) 5uM/50 ohm LISN (mV)
0010-0.1 ... 10-1 (linear interpolation)
01-05.. 1

05-30.. ...

0.2s
(c) RF lighting devices:
Maxi RF kne volitag d
Frequency (MHz) with a 50uH/50 ohm LISN {uV)

1000
3000
250

NoOTES

1. These conduction limits shall apply out-
side the bands specified in § 18.301.

2. For ultrasonic equipment., compliance
with these conduction limits shall preclude
the need to show compliance with the field
strength limits below 30 MHz unless re-
quested by the Commission.

3. The tighter limits shall apply at the
boundary between two frequency ranges.

{50 FR 36067, Sept. 5, 1985, as amended at
52 FR 43198, Nov. 10, 1987)

§18.309 Frequency range ..of measure-
ments,
(a) For field strength measurements:

RO




Estimate of Interference from Microwave Ovens into the Satellite Digital Audio
Radio Service (""SDARS") Band

Wolthard J Vogel
5003 Matador Lane
Austin, Texas
Tel/Fax: (512) 329-5859

January 20, 1997

The SDARS band for satellite operation in the U.S. was allocated during WARC '92 to occupy S-
band spectrum from 2310-2360 MHz. This allocation is relatively close to the unlicensed Industrial,
Scientific, Medical (ISM) band at 2400 + 50 MHz. Devices in the ISM band may operate with very
large power, but are required to conform to an FCC mandated field strength limit at a reference
distance. There are concerns that the sensitive SDARS receivers may be adversely affected by
emissions from ISM devices, especially the ubiquitous microwave ovens, which operate near 2450
MHz. 1t also is surmised that because of consumer abuse a significant fraction of microwave ovens
eventually exceed the emission limits. This white paper draws on several measurement campaigns at
frequencies above and below the SDARS band to conclude that such an impact is unlikely.

1) Interference measurements from 2483.5 to 2500 MHz

A series of interference measurements in the LMSS downlink band from 2483.5 to 2500 MHz were
carried out in Austin, Texas during the first half of January 1996. Equipment used was a discone
antenna, a tunable bandpass filter (50 MHz wide), a low-noise amplifier, a spectrum analyzer (SA)
and a personal computer (PC). All equipment was mounted inside a vehicle. The SA analyzer was
set to hold the maximum observed power at each frequency while sweeping at a rate of 20 s/scan
with a bandwidth/resolution of 100 KHz. Data were transferred to the PC every 10 minutes and the
SA was reset to start a new measurement cycle. Data were obtained on January 5, 1996 while the
vehicle was parked for about one hour in the entertainment district of downtown Austin, in the
vicinity of many restaurants with, presumably, microwave ovens. On January 9, 1996 data were

collected for about 30 minutes while the vehicle was driven on Interstate Highway 10 North through
Austin,

Figures 1 and 2 depict the probability with which the peak power in the 10 minute collection cycles
exceeded a given level for the standing and driving measurement modes, respectively. In the parked
test, peak interference exceeded -100 dBm at 0.2% probability, -95 dBm at 0.1%, -90 dBm at 0.02%.
In the driving test, peak interference exceeded -100 dBm at 5% probability, -95 dBm at 2%, -90
dBm at 0.6%, and -85 dBm at 0.06%. Note that the nominal received SDARS signal strength is -100
dBm. It should be emphasized that the maximum hold method gives more temporal weight to the
interference, as most of it is usually of much shorter duration that the 10 minute collection interval.
No attempt was made to identify specific interference sources, their distance from the receiver, or
whether they were in compliance with FCC emitted power limits.
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Figure 1: The probability with which the peak power in the 10 minute collection cycles exceeded

the measurement baseline of -111 dBm. Data were collected while the vehicle was parked in
downtown Austin, Texas.
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Figure 2: The probability with which the peak power in the 10 minute collection cycles exceeded

the measurement baseline of -105 dBm. Data were collected while the vehicle was parked in
downtown Austin, Texas.

2) TDRSS propagation measurements at 2.055 GHz:

A series of S-band propagation measurements observing CW transmissions from one or two
geostationary TDRSS satellites in Pasadena, CA and in Austin, Texas were made in 1994 and 1996.
The received line-of-sight (LOS) signal level was about -120 dBm (20 dB weaker than the SDARS
signal) and with a 25 Hz detection bandwidth, the CNR was about 37 dB. Of the California
measurement, 45 minutes of data were closely analyzed, representing driving through rural,



suburban, and urban areas. Of the Austin measurements, several hours of data were closely analyzed.
The collection scenarios included walking about a research center, in suburban neighborhoods, and
in many university buildings and inside near-campus stores and restaurants. Specifically, the
maximum signal level received during every second of measurement was plotted. None of the data
exhibit any signal strength enhancements beyond about 4 to 6 dB above the LOS level due to
multipath in clear LOS situations. No strong signals were observed inside buildings where they were
not expected. Any interference stronger than -114 dBm would have been clearly noticed. Even
weaker interference would most probably have been noticed during the data screening. There was
none. Figure 3 shows an example plot of the one-second maximum (red curve), average (green
curve) and minimum (blue curve) of the received signal for about 13 minutes of observation.
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Figure 3: One-second maximum (red curve), average (green curve) and minimum (blue curve) value
of the received signal, measured while walking around a suburban residential block.

3) Conclusions

The interference measurement results presented above indicate that there is some RF pollution into
the upper portion of the ISM Band. At certain locations and with relatively low probability it may
interfere with satellite telephony, which shares that part of the band. When the observed maximum-
hold exceedance percentages are discounted for the transient nature of most interference, the
probability of interference impact on the LMSS downlink band is further reduced and it is
understandable why LMSS operators are not overly worried. It is also reasonable to assume that
interference caused by microwave ovens decreases with frequency separation from 2450 MHz. The
low level of measured interference in the 2483.5 to 2500 MHz band and the lack of observed
interference at 2.055 MHz supports the assumption that the interference created by microwave ovens
does not seem to affect the entire S-band but rapidly decreases outside of its range of operation in
the ISM Band. While no measurements were made specifically in the SDARS band, one can infer
from the above that microwave oven interference will not be statistically significant in this band.



